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citrus treeg that had not been protected from frost lighting their heaters when necessary. The next freeze 
damage previously, conventions were held to discuss the wdl find the southern California citrus orchards better 
frost menace, and business men in some communities equipped, and the citrus growers more alert, to reduce 
banded themselves together to aid the fruit growers in the ainoulit of damage to trees and fruit. 

-- 

( I .  

FIQ. 8.4ontrast of tcmporatures in protected and tmproterted groves. 

SONORA STORMS. 

By DEAN BLAKE, Meteorologist. 
[Wosthcr Bmcau OfIlce, 3sn Diego, Calif., August 27, l a . ]  

. Ori inally "Sonora storms" applied only t.o those 

season to the desert a.nd mountainous regions of Baja 
and southern California. but tit. yrescnt there unques- 
tionably is a difference of opinion among iiieteorologistfs 
as to their origin, movement, fre ucncy. and general 
characteristics. The term us usel in Oulifornia has 
come to include any storm whoss genesis is not clesrly 
defined, or can not be definitely trticetl either to the 
normal disturbances which niove in from the Pacific 
or to thcir occassiond seconclnries furniing this side of 
the Rockies. 

According the Archibald Campbell,' " Sonnra storms " 
received their nnme froin the old Spanish or Indian 
settlers of Lower California, who supposed that they 
began in and sf;. lead out from the State of Sonors across 
the Gulf of C:I riornia on the mainlitud. He is res ou- 
fiible for the statement t h t  t!iey form during July, 
August, and early September only; p e v d  over I. 

spora i ic thunder showers peculiar during the summer 

_ _  - - ~. . . . . . . . . . - . . . 
1 JIu. W E . w H 1 . x  BE.;., Ortoher. I W ,  p. 464. 

limited area 20 to 40 miles in width east to west, and 
sonie B N !  miles in lnngth north to south: and extend 
throu-li the ranges of northern Lr.iv;cr California., into 
San hmardino  Count,y. with their greatest dovelop- 
Inent reached ~ B A I -  the Mesican border in tlhe Laguna 
and Cuynmacu Mounttiins. I t  is eniphasized that they 
do not often occur west of the 2,080-foot elevation. 
and are invarinbty uqcompanied b heavy thunder and 

sprencl eastward over the desert at times, causing ex- 
cessive precipitation in 

Willson a describes t e "Sonorti" as a deep de res- 
sion estending northw-nrrl during the fa l l  months roni 
Mesic0 through the interior of Californjn, western 
Arizona, and sout!iern Nemc!a, wibli the rains occurring 
generally in the fnrm of thunderstorms. On the other 
hand! (.hyentcr 3 associates the (' Sonorn." with the 
sudden stovns of spring on the southern Californirr 

brilliant lightning. The point is B T so stressed that they 

Elaces- P 
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coast, but makes no specific mention of any nccmipnny- 
ing electrical phenomena. He assumes that they are 
overflows froni Arizona disturbances, or have their 
inception in nnchartored regions to the south. 

Quoting fwm reprint 0:’ section 13, S’u.m.inwy n f  f i i : ,  
Clrm.to7ogicd nutu .for the. rivittd Stdrs ,  signed by A. 1-1. 
Palmer: 

A peculiar feature of the precipit.atinn is the ucrasionrtl occurrence 
in summer of showers of the Sonora type, diio to clbmospheric 
disturbances across t.he intcriint.iona1 border in Pvlesico. These 
storms are wholly unrelated to the cyclonic dixt.urhanccs which 
usually move eastward a.cross the nort.hern portion of t.he Irnited 
strttes. 

Still another ty  e of storm has grown to be known 

great energy a t  the outset, but gradually diniinishing 
in intensity, which in fre uently move far enough to the 

the weather in estreme southern California and Srizona. 
The ext,raordinary rains in these dist,ricts on September 
29 and 30, 1931, were caused by some such disturbance.‘ 

From t.lie foregoinm it can be seen t-hat, as now gen- 
erally conceived, a “Sonorn” is a storm presumably 
originating somewhere in the Southwest, and described 
as differing widely in its development, its area of activity, 
its causes, rind its time of occurrence in t.lie year. How- 
ever, oidy one group of t,hc mniiy so-cnlled “Sonorns” 
seems to possess characteristics sufficiently marked t.o 
warrant an appellation that preeup oses 9 dist,incb and 

storms in the mountains and deserts of L:nver :incl 
Southern California. 

Of the spring rains s t  San Diego, mentioned by Ckr- 
penter, it. may be snicl in pnsssing t,hat, these we inosb 
often caused by: (1) Secondary low-pressure areas thtit 
frequent.lg develop a t  this season of the year over t.lis 
southern Plateau St,ates; (3) the southerly movement of 
north Pacific lows; (3) activity on the part of the semi- 
permanent LOW area which makes its appenrmce over 
the Colorado Basin with the advent of high tempextures. 
I t  is during May that- the so-called Arizona center of 
activity most often becomes a rain producer in southern 
California. and resents unusual difficult.ies to the fnre- 

out of the 24 stormy periods of rom one to five days 
during May in t,he past 10 years, 1 s  can be traced either 
to secondaries over Nevada and Utah, or t,o the suddon 
development of energy on the part of the Colorado Valley 
low aren, while the remaining 6 can be t.rncetl to low- 
pressure mens entering the const from the Pacilic. 

nre thunderclouds, and over- 
hang the mountains and desert from tho middle of June 
to the middle of September, reaching their greatest 
development, and frequency in July and August. From 
the littoral districts in Slin Diego County, they nppenr 

tic cloud masses which are continuously changing knn 
and assuming the faiiiiliar anvil shape as they progress. 
Very often they rise to es braordinary hei&s, their 
white forms ou tlinecl slinrply r.gninst the blue s t y  beyond, 
but from first t.o last they have practically d l  of t,he 
characterist,ics of tvhe ordinary ‘i t,hunderhead.” 

Their a pearance is first indicated when snidl white 

but usudl between 9 and 11 a. m., which very quicklx 

as a “Sonora”-t R ose tropical disturbances, usually of 

north along the coast o Y Lower California to influeme 

individual storm type, and th:it is t r ie summer t.liuncler- 

B casters of the B istrict. San Die o records show that 

True “ Sonora clouds” 

over the ranges to the east as towering, turbulent,, (rl~il.11- 

wisps of c P oud are noted, somet.imes as early as sunrise, 

take on t g e cumulus form. Soon a line of flat-based 
- - -. -. - - .-- 

cumuli can be discerned following the general trend of 
the mountain crests, that is, in 8 northerly-southerly 
direction. In  less than an hour their true nature be- 
comes apparent, and before the end of the second hour, 
n thunderstorm is well in the making. 

It is noteworthy that t.hroughout the entire region of 
their distribution convectional clouds persist for da 
and sometimes weeks before they attain energy s u g  

(( dri’ cimtly great to cause precipitation or even a 
electrical storm. In  these instances they gather in t e 
morning but disappear before sunset. Sometimes the 
rains are nocturnal but more often diurnal, prevailing 
for days at. a time, then abruptly ceasing, leaving the 

Esamination of available data verifies the assum tion 
that h i  Sonoras ,J reach a masimum intensity in San &ego 
County, although there are other localities where they 
itre severe. In  the San Bernardino Mountains, for 
instance, they are of more frequent occurrence than else- 
where, but t.he escessive rnins are lackin . The northerly 
liniit includes the southern portion of K nyo Count ; the 
southtxly, t,he northern third of Lower California. 6own- 
pours arc. more frequent on the eastern slo e of the ranges 
than the western, and it is not unusual P or the greatest 
24-hour rninfnll of the year to occur in the valleys and 
desert on that side of the mountains, altliou h in all sec- 
tions t.hc precipitation is sporadic.. Under t % e 3,000-foot 
level t.ownr(l tlie coast, the fall is inappreciable ordinarily. 
No sgnv!ironous relntionsliip has been established between 
t,liese ~ r i t l  t,he thunder storms in Arizona, escept those 
which occur in the vsllcy of the (lolorado. 

C‘crt.a inly. the most mar!recl feature of summer rain- 
fdl  in C’difornia is the abnormal aniounts reported in 
the south. Table 1, taken from t.he California section 
of t.he iiion thly climatological data, gives the greatest 
in 24 hours over the state during July and August from 
1913 t,o 1923, inclusive. 

TARLE 1.-Greatest atnoun.ts of precipitation .in 94 hours in Cali- 
fornia. 

sky c1::ludless. 

- -. __ - .- . - _. _. - . -. . 

July. August. 

I -I Ycar. I 1 Ststion and county. IAmount. Station and county. 1Amout. 

I 

From t,he table it will be observed that in every instance 
except July, 1913, 1916, 1918, and 1920, and August, 1917, 
when the greatest catch was macle in the northern part 
of the St.nte, the record was established in “Sonora 
territory,” and 53 per cent 
C!ount>y where, as it lins been 
a.rc most, often escessii-e and 
countv that phenomenally 
recordcd, the most notable 
,4u ust 12, 1891, when 11.50 
en Cf of SO rninutcs durin a “ cloudburst.” How sporadic 
these showers are may %e judged when we are informed 
that repeated cases have been known to occur with an 
inch or more in a restrictcd locality, and not a drop at  a 
dista.nce of a few miles. 
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Very often highways, railroads, and bridges are washed 
away, and arroyos are turned into boomin streams, 
small farms in the river beds are inundatecf, and the 
comfort, and leasures of the many campers in t.he nioun- 

panying lightnino is responsinle for ninny forest fires; 
in 1932 in the C!Peveland National Forest 14 out of t.he 
39 fires reported from June to Septembcr were definit.ely 
traced to this cause. Althouah few actual mee.sure- 
ments have been taken, Nelson’: investigations in Lower 
Californiae leave no doubt. but that the region of these 
torrential rains extends into the Sierrit Jusrez and $an 
Pedro Martir Mountains, and t,here is ample proof of 
“ Sonora ?’ conditions similar in every rcspect to those 
prevailing on this side of the line. 

A study of the readings for the past two years from 
more than 115 ga es scattered throughout Imperial, San 

Counties was undertaken, and the following conclusions 
drawn concerning the storms we me considering: 

(1) They are more severe and obtain oftener rtt, tlie 
higher stations, although some places in the desert have 
an average comparable with t.lint of the highest mount.nin 
exposures. 

(2) Elevation for elevation, slope for slope (except. in 
the San Gabriel Range, which has 8n east to mest trend 
and lies near the ocean), bot,h the nniounts :uid frequency 
are fairly proportional throughout, the district. 

(3) Occasionally t,liey ocwr in etu.1-y Septemlier niid 
late June, but ns a rule hare little energy, arid result. in 
little precipitation in these iuontlis. 

(4) Unsett.lec1 weather, acconipnnied by locnl showers, 
often prevails over t.he whole area involved, from the 
Pacific to the Colorado R.iver, and it is during these pc- 
riods of regional cloudinew t.hat escessive falls are mop t. 
often recorded. 

(5) The great Mojave and Colorado Deserts are the 
largest factor in their fornintion aiicl development.. It. is 
in t-his vast arid waste ii.nc1 cont>iguous ranges to the west 
that the essential condit,ions necessary for the genesis of 
such storms is found. ‘Herr the become active by vig- 

the Sierra Nevada, with the result that thunderst,orms 
of exceptional violence spring into being, and a glance at  
the map will show how closely t,he boundaries of the 
“Sonora” agree wit,h those of t.he deserts, both to t.he 
north and south. 

tains are sat1 P y interfered with. In addition, the twcom- 

Diego, Riverside, 8 an Bernardino, Los Angeles, and Inyo 

orous convection, favored by t. Iy ie precipitous slopcs of 

- - 
I Prccipltation. 

Station. 

I- .- -- 
S m  Diego.. .............. 1 S i  

....... 

......... ........... 
Cuyamaea.. .............. 
Squirrel Inn.. ............ 
Mount Wiison. ........... 
Drcker’s ranch. ........... 5,833 
Rose mine.. .............. 6. Mi I 

In 10 ................ 
Cale?ico.. ................ 
N e d s s  ................... 
Rajw? Flat.. .......... 

.- 

I *  .... ..... - . 
I ’  

T. T. ’ 0.01 T. 
T. T. ~ T. 11.r~) 
T. fl.lJ7 i .01 .01 

0.00 .IN1 i .lW I .lE 
.MI 1 i.1:J : 1.32 
2.03 i 1.55 ’ 2.35 

.01: .os I .112 I .37 1.M .o; ! .% I 1.53 
T. T. 18.01 1 .(IO 

5.30 
1.53 

....... 

Before this paper was begun, it was believed that 
the rains in some way resulted from disturbances origi- 
nating in Mexico, probablv in the Tropics,. but until 
more t,angible e d e n c e  is obtained it is impracticable to 
assume nnp such hypothesis. They are limited to a well- 
defined and coinparatirely smnll area, and in my opinion 
the contributing fa.ct,ors must, he within or in close 
yrosimity t,o t,lm area. The position of t,he State of 
5nnnr21, lying n s  it does direct.ly south of Arizona, with its 
cont,our of ground embracing desert and inountains 
sinii1a.r to that State, and with a c1ima.te also correspond- 
ing closely in the ma.in, disposes of this as the generating 
iield of local storms 500 to SO0 niilea to tlie northwest. 
A4notlier point worbliy of stress is that “ Sonoras” occur 
simultnneuuslp wit.11 vnryino intensity over the whole 
region of their prevalency .y; K m e  little if any horizontal 
movement.? and run t,lie course. from their ince tion to 
terinination within n radius of a few miles. &anting 
t,his as true, it is hard t.0 give credence to any theory that 
presupposes R northward extension of the tropical system 
of s : I I x I ~ ~ . ~ ~  rninfnll. 

In Lower Cnlifcmitt t,hc coiifigurat,ion of the country, 
and the cliiiiiite in the district north of littitucle 29’ is 
pr:ivticn?ly the s m i e  n.s thnt just north of the bonndary. 
A climinuticln (J’ winter precipitation and R grtidual in- 
cret7s~ in temperatwe can 1)e cspctecl tho farther south 
we KC). Betw‘rcn latitude 31)’ and latitude 2i’ lies what is 
known tis the \5scnino Dtsart, region, and it, is stated that 
t.lirer? years liaw I)ren !inown tc: pnss without so niuch a.s n 
c1rc-y of rain in t,he lowlantls. Below- latitude 27’ the 
siiiiiiii~r t.ro Iical riiins oht.;1in. I t  is unfort,unate that 
ptiucit.y ol c J .nt,:i. prmwt,s a tletniled survey of the cli- 
nittbic conr1itic)ns in thc peninsula, but those most fniiiiliar 
with t.liis secticln hrlieve that there c m  be no connection 
bet.ween the tro ical  rains of t,he lower division end the 

It might 118 of interest as ben.rin.g out these opinions 
to  quote here from Nelscm‘s eshaustive memoirs cited 
hfnre. He sa.ys in part: 

The first of these [rainy S ~ B S U I I S ]  is part. of thc tropical summer 
rainy wasoil which regularly orcurs on the west coast of Mexico 
as far nort,h [LS nort.herii Siiinloa. the border of which extends across 
the gulf tu Lower California. arid is sperially marked in the southern 
part of the rape district. 

orcnsional t,liunl I ershowers of t,he north. 

Again : 
The sunimcr rniiiy season IJf Lower California * * * begins 

somewhat Inter than on the opposit,e Mexican mainland coast and 
ends earlier, usually lasting from July t.o October or November, 
Sept.embcr beiiig t.lic wettest month. 

From 1913 to 1928 there have been 10 outstanding 
dti.ys in July and Au$ust, when “Sonora stornis” were 
particularly active, viz, July 30, 1914; July 13, 1916; 
July 37, 1917: Jd;Y 15. 1919: July 20, 1921; July 18, 

and August 53. 1931. h e  morning weather maps of 
these dates liacl many feat,ures in common, and the posi- 
t.ions of t,he areas of low and high pressure were in each 
case re la t idy  the snme. In fact, tliere was such a 
similarity that. a type niap was worked out from the 
haroinetric and thxrnoiiietric means of tlie 10 observa- 
tions for available stations wed of the Rockies. Figure 1 
is the result,, and to show how closely it corresponds with 
that of n single clay, the map of July lS,  1922 (a date 
when t.hunderstorms were general in the mountains of 
southern California and escessive amounts were re- 
ported at semixl stiltions), is nlso eshibited. 

I t  has been found that, while large “ thunderheads” 
might obtain in t.he district for da s at a time, and even 
scattered showers sometimes fal l  heavy and general 

1II38; July 31, 1922: AUoUSt 26, 1015: August 24, 1916; 
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rains occurred oey under a certain barometric distri- 
bution. The sempermanent area of low pressure invari- 
ably was charted III the Colorado V d e y  region, usually 
with an elongated extension of the isobars northward 
into the great central valleys of C!alifornia. Another low 
area prevailed, as a rule, in British Columbia or Alberta, 

in a southeasterly direction. Between these 

siie by a high area, the one impinging on the north 
Paciiic const, the other overlying the northern Rocky 
Mountain region and extending southward into New 
Mexico and western Tesas, with the isobars trending 
northward and southward. Rains, other than purel-v 
locd showers, in every case undcr consideration. occurred 
with a map of these general characteristics. 

That the southwestern (( thermal” low area is the breecl- 
ing place of cyclones whiFh detach themselves and move 
in an easterly direction IS generally accepted, but some 
vital and as yet unsuspected change apparently tnkes 

la mo9i a eld of nearly uniform pressure, flanked on either 

the genesis of thunderstorms is supplied in the damp air 
from this source. An examination of the records dis- 
closed light, variable winds over the region on t,heae days 
with all other essentials for strong vertical convection, 
including an adiabatic temperature radient in evidence. 
Even as far west as the coast, pilot- % d o o n  observations 
(also verified by cirro-cumulus and alto-cumulus move 
ments) show an abnormal prevailing drift from the 
eastern quadrant above the 2,000-meter level, but below 
that from the west. Owing to the great number of days 
with low clouds over the Army and Navy fields where 
tlie balloons are released, the results are not highly 
satisfactory, but it is fairly well established that the 
( &  boiling over,” ~3 it were, is most pronounced on those 
(lay.; when cumulus and cumulo-nimbus tower above 
the mountains. After c-areful observation the writer 
lias yet to observe a single instance of severe ((Senora" 
conditions when the u per cloud movement was other 
than from an easterly Jrection. 

Fv-. 1.-Left: Type mnp k r  nmarrenec. nl ‘+mor3 ;toms. Riqht.: !.r. 

place in the mechanism of the parent LOW before the 
separation. A definite but obscure relationshi seem- 
to exist, between this breakin- aw1i.y and wi cp espread 
‘(Sonora storms,” for within tbree to five days ciitei 
unconimo1i activity is displayed the pressure he.  111s t o  
fall a t  st.%tions east of the Colorndo River. and t. R‘ ere is 
a s reading out. of the low area iji thst direction. which 

dissipates after a short life. Further, it is a,lmost invari- 
ably the case that when this moveinent begins, n diminu- 
tion in t.he fi-)rce and exteiit of the (‘ Sonorti” ttikes place, 
and a fail in tem erature in t-he mountains may be 
expected. What t P ie connection is between t.he cast- 
ward pnsstkge of the one and the provdency of the other 
is to be ascertained only aftm careful study and corrcla- 
tion is macle of d l  available homogeneous phenomena. 

To be sure, a pressure dist>ribution such HS described 
would be most fnvorable for &TI indraft of moist air into 
the Colorndo Desert. reuion from the Gulf of California 
to tho south, and ti inarKed relatioil between tlie ‘(Sonor;L 
cloud” and hiiniicl weather a t  desert stations ha9 been 
suspected. 1% th the I)revding winds from May tc.1 

October froiii t.lie south, one of the essential factors in 

eit R er becomes n separate., well-defined depression or 

:p Inr 3 single 1:1p, July lS, 1922, showing agreement betwenn the two. 

It is not diffcult to believe that over the crests it 
frecpnt.ly ;vouid happen that much colder air from the 
Paciiic \\-odd overrun the warn1 air spreading out from 
t.he east, and result in what has been termed a “border 
stnrni.”’ As a point in evidence, it is in the valle s 

escessil-c r;tiiis  re niost, frequent. Nortliward the 
t,o Jj<I&?Xi)hy changes mttteriully, aiid the ranges and arid 
w-cstes nre no longer in ‘uxtaposition. If they were, 

c11cc m u c h  the same type of summer thundershowers as 
ir! t.iic Sicrrn Nevada. 

lias stated that this center of 
cictioii has not been giren the at,tent.ion or thought it 
d l d d  Iinve received. He lias shown that some of the 
su1111?it~ rains of tlie North Pacific Stabes are roduced 
hy edclios froill t,he superheated valleys of 2 alifornia. 
The writcr. too, feels that “Suiiora storms” can also be 
I rticeil to th siiiiic field of nc.t,ivity, of which but little is 
h o w l  ,it. present, niitl of which much €ruit.ful investiga- 
i icm cnil he undert4tikcii. 

\\‘EATHER .E\., Jnly, 1~22. 

\\-it11 littie or no obst,niction t.oward the desert that t K e 

nort lierii and centrd Cali ? ornia would probably experi- 

In concliision, Bcals 

_ _  - -. __ .. . . _. . . - . ._ - - . 
, 3 .  tllutnphlr,.~~~8: - J*l~yi .?of  /he . I  ir.  p. R3: 


